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Introduction
The growing interest in language attrition over the past twenty-five years cannot be explained solely on the basis of the fact that most of us are in one way or another affected by the phenomenon.
Rather, the focus in attrition has become more and more theoretical since research in this domain has contributed to shed light on the dynamics of bilingual and multilingual language competence and processing (see de Bot, this volume) . This may be due to the fact that attrition research is closely linked to other research within this field. First of all, there is the link with studies in language acquisition and learning -which may be considered the reverse of attrition if we expand Jakobson's regression hypothesis (1941) -as documented by a growing number of studies attempting to apply theories of L2 acquisition/learning to L1 attrition (e.g. Gürel 2002; Keijzer 2004; Montrul 2004; Rieussec & Köpke 2005 , 2007 Sharwood Smith & van Buren 1991) .
Secondly, attrition has been related to research in language pathology as both are concerned with some kind of language dysfunction (de Bot & Weltens 1991) . Other than Dressler (1991) there are no empirical studies comparing aphasia and attrition (or shift) data, but as we will see in this chapter, a growing number of attrition studies are based on theoretical notions developed to account for bilingual aphasia. Finally, attrition has also been related to diachronic language change and might benefit from parallels drawn with that field (Schmid 2004) . One of the specifics of attrition research might well be that it also -and perhaps in a more striking way than the study of language acquisition or pathology -cannot be grasped without taking into account external factors.
Attrition, albeit clearly defined as an individual phenomenon (de Bot 2001; Köpke & Schmid 2004) , is intimately linked to social aspects of language use. Consequently, language attrition is a promising research issue for the exploration of links between the brain, mind and external factors that are also of particular interest for research in multilingualism.
Starting from this assumption, the aim of the present chapter is to discuss the predictive values of various factors involved in attrition. Among these are brain mechanisms, cognitive processes and external factors, some of which have already been extensively discussed in the attrition literature.
Other factors are discussed here for the first time. The list of factors proposed below is neither 2 2 exhaustive, nor can the discussion of each be more than embryonic. The approach is mainly psycholinguistic, although there will be frequent references to notions arising from the cognitive neuropsychology of bilingualism (Paradis 1997) and to sociolinguistic concepts around bilingualism. I will further follow Nespoulous (1994) in the distinctions of brain mechanisms (discussed in the first part) which are  at least in their original substance  physiologically grounded, and cognitive processes (discussed in the second part) which are involved in the functional architecture of language in the human mind (Nespoulous 1994: 397) .
Brain mechanisms

Plasticity
Plasticity is the most often cited reason for a biologically-constrained critical period for language acquisition and/or learning (see the discussion of this distinction in Ellis 1994; Pallier this volume; Paradis 1994 Paradis , 2004 Zobl 1995) . It is based on the idea that synaptic connections are not fully mature in the first years of life, facilitating quick adaptation to new situations (see the detailed discussions in Pallier, this volume; Ventureyra 2005) . This is easily transposable to the immigrant situation: a radical change in the linguistic environment requires adaptation to the new language situation, including learning the host language, in combination with reduced L1 use. The concept of brain plasticity predicts that this adaptation will be easier and quicker the younger the subject (Lenneberg 1967; Penfield & Roberts 1959) . Faster language learning due to greater plasticity might also imply strong L1 attrition in young immigrants, whereas in older immigrants, reduced brain plasticity would both hinder the adaptation to the L2 environment and prevent L1 attrition.
For L2 acquisition and/or learning, such maturational effects have been amply documented (e.g. learned early in life has been reported repeatedly to quickly replace another language, while in later bilinguals the L1 appears largely impervious to erosion. Whether this is due to greater stabilization of linguistic competence in older subjects or not, however, still needs to be demonstrated.
Activation thresholds
The activation mechanism (Luria 1966 (Luria , 1974 ) is one of the best known brain mechanisms and has been used, metaphorically, for the cognitive modelling of language processing, especially monolingual and bilingual lexical access (for monolingual access e.g. Dell 1986; McClelland & Rumelhart 1981; McClelland & Elman 1986 , for bilingual access e.g. Grainger & Dijkstra 1992; Grosjean 1988) . Activation was invoked as a neuronal basis of memory (comprising concepts and linguistic sound forms) half a century ago: "Each passage of a stream of neuronal impulses leaves behind it a persisting facilitation, so that impulses may pass that way again with greater ease" (Penfield & Roberts 1959: 246) . The idea that frequency of use entails facilitation of activation is further developed in Paradis' Activation Threshold Hypothesis (Paradis 2004 ; this volume) which assumes that a certain amount of neural impulses is needed in order to reach activation. This framework has been shown to account for differential inhibition in polyglot aphasia, and also for the control over two competing language systems in healthy bilinguals (Paradis 1985 (Paradis , 1993 (Paradis , 2004 .
Since the activation threshold of any item stored in memory is dependent upon frequency and recency of previous activation, the most important predictive factor for language attrition within this framework is language use (Paradis this volume). To be more precise, those L2 items or rules more frequently used will be more easily activated when they are in competition with less frequently used L1 items or rules. This principle has been shown to be valid for the lexicon in Köpke (2002) .
Concerning grammatical parameters, it has been clearly demonstrated with respect to Turkish and
English binding properties by Gürel (2004; this volume) that attrition occurs where both languages have equivalent forms which may compete, but not where there are no equivalent forms in both languages, so any competition between them is precluded. These findings underscore the validity of the notion of frequency of use in attrition, but also the necessity to interpret findings within a rigorous linguistic framework in order to account for grammatical attrition. The lack of the latter might be the reason why there is not more experimental evidence for the role of language use, although this factor is systematically presumed to play a major role.
Inhibition
Inhibitory neural cells inhibit the electric activity of the neural cells with which they establish contact (Fabbro 1999: 70) . As an important means of controlling neural activity, the inhibition mechanism is is ubiquitous in the nervous system (Boujon 2002; Green 1998b) . Inhibition and activation have been linked in cognitive models of language processing, within unilingual (see Berg & Schade 1992 for an overview) and bilingual models alike (e.g. Green 1986 Green , 1998b Paradis 2004, this volume) . It has been argued that "… a combination of excitatory and inhibitory processes is more efficient in achieving selection than excitatory processes alone" (Green 1998b: 102) . From a 4 4 cognitive point of view, inhibition can be defined as "… the negative effect the processing of a given item has upon the activation value of another" (Berg & Schade 1992: 406) 1 . It helps to prevent activation from spreading to too many parts of the system and allows for temporarily stable representations. As such, it plays a key role in any instance of mental control (Green 1986) since it is needed in order to cancel out competitors that are likely to interfere with a selected item, structure, or language (Green 1986: 217; Green 1993: 264) . Consequently, inhibition is likely to be a key mechanism in situations where maximum interference is to be expected such as L2 learning, L1 attrition, or polyglot aphasia (Ijalba, Obler & Chengappa 2004) . However, the inhibition mechanism has received less attention than activation in these fields.
In the context of polyglot aphasia, Green claims that the patients' inability to use one language spontaneously is not due to lack of activation but to the inability "… to suppress sufficiently the activation of the other system" (Green 1986: 220) , in other words, to lack of inhibitory resources. It is possible that a similar mechanism is at work in the case of L1 attrition. Two means of deselecting a language can be hypothesized in non-pathological contexts: either through a lowering of activation (which is the automatic consequence of non-use and hence dependent on time rather than on resource) or through inhibition (which can be obtained rapidly at the expense of resources).
Consequently, for the L1 attriter, the use of the L1 may be doubly impeded: by lack of activation of L1 on the one hand and the need to strongly inhibit the highly active L2 on the other. The precise impact of inhibition mechanisms, however, would depend on several factors, namely: (a) Actual language use including use of each language, language mode, codeswitching, and probably also attitudes to mixed language, etc. (see 3.3. below) (b) Typological relatedness of the languages: the closer the languages and the more structures they share, the more interference is to be expected.
The predictions that can be inferred from this imply that inhibition, as a crucial mechanism allowing the 'separation' of languages, may account for different outcomes of attrition: -In immigrants who have no contact with other immigrants and who never use L1, L1 will be completely dormant (Green 1986; Norman & Shallice 1986) resulting in both accessing and processing difficulties arising from the fact that a large proportion of the available resources will be consumed for the inhibition of the very active L2. Conversely there will not be much interference in terms of errors since both languages have very different activation states.
-In immigrants who have frequent contact with other bilingual immigrants and who are used to operating in a bilingual mode, both L1 and L2 are active. Hence L1 will be less difficult 1 Note however that in this definition inhibition appears as a kind of side-effect of the activation of another item, unlike Green's framework which clearly sees inhibition as an active and resource-consuming mechanism. to access but its use will contain much more interference (see Köpke 2001 for an illustration of both cases and Schmid, this volume, for further discussion of this point).
-In addition, inhibition might explain why recent immigrants are sometimes reported to experience difficulties in L1: since they are still in the process of learning the L2, they have to inhibit their more dominant L1 very strongly, leading to processing difficulties which will appear similar to attrition. Some evidence supporting such an explanation comes from studies on language switching where a higher switch cost has been observed when individuals have to switch into the dominant language compared to switches into the nondominant language (Green 1998a; Meuter & Humphreys 1997 ).
Involvement of subcortical structures
Language processing is not only a matter of the cortical structures of the left (grammar) and right (pragmatics) hemispheres, subcortical brain structures have also been found to participate in language processing (Crosson, Novack & Trenerry 1988) , though their role is still difficult to define. The limbic system -as one of the most ancient parts of the brain -is the centre of the communicative functions network in primates and also plays a major role in human communication (Damasio 2003) . It is supposed that parts of it, e.g. certain structures of the left basal ganglia and of the left thalamus, participate in the first stages of verbal expression and, most importantly, that the limbic system plays a major role in many control functions, both motor and cognitive (Fabbro 1999: 79) . Moreover, subcortical structures have also been shown to be the seat of emotion in the brain (Fabbro 1999; Pavlenko 2005) . Clinical evidence suggests that the subcortical structures of the right hemisphere play a role in the regulation of automatic speech of high emotional significance (e.g. prayers, see Speedie, Wertman, Ta'ir & Heilman 1993) , while Pavlenko (2005: 154) claims a participation of the limbic system in spontaneous emotional speech. Hence, communication and language on the one side and emotion on the other share some neuroanatomical structures.
The relation between emotion and language and the consequences this may have for a specific language is of primary interest for attrition research. Pavlenko (2005) claims that this link should best be studied in bilingual or multilingual subjects because they provide the unique opportunity to compare verbal behaviour and emotional reactions across languages. She stresses (2005: 153) that "(…) depending on their linguistic trajectories, bi-and multilinguals may have different neurophysiological responses to their respective languages, or, at least, to emotion-related words" (such as taboo or swearwords for instance). Words of a specific language are linked to personal fears, or experience of prohibition, punishment or reward, and these contribute to the individual's "(…) perception of language embodiment, whereby words invoke both sensory images and
physiological reactions" (Pavlenko 2005: 155) . Research on such aspects of bi-or multilingualism, however, is still scarce (see Pavlenko 2005 for an extensive review).
Emotional implication has received more attention with respect to language acquisition, or learning.
For Schumann (1997) , language acquisition is favoured by positive emotional values which allow the establishment of links with deeper brain structures. This is also the point of view of Lamendella (1977) and Paradis (1994 Paradis ( , 2004 who suggest that the L1 is generally based more solidly on the limbic system and its emotional values, whereas L2 learning, particularly when it takes place in the classroom, is largely based on the mere cognitive processes of the neocortical areas (cf. also the discussion on procedural vs. declarative memory below). Similarly, Pavlenko (2005: 156) distinguishes between embodied languages, acquired within an emotional and contextualized process, and disembodied languages, learned in a decontextualized process such as FL classroom learning. But she does stress that both constitute the extremes of a continuum and that emotional implication is not restricted to the L1, particularly when the L2 becomes the basis of a person's affective life. She suggests, therefore, that affective linguistic conditioning is a life-long enterprise (Pavlenko 2005: 157) . consequences. This allows the assumption that the motivation for maintaining a language is similar to the motivation for language learning, and that both these situations entail high emotional values which may be related to subcortical brain structures. Emotion is most likely a key factor in any case of attrition (cf. also the life-span perspective taken by de Bot this volume), and it may well play an even bigger role in language attrition than in language acquisition or learning. The possible prediction arising from this is that L1 attrition would occur only in cases in which either the L2 is strongly emotionally "invested" (which does not necessarily entail more success in L2 learning), or the L1 is strongly rejected (after traumatic experiences such as for example persecution, abandonment, betrayal, or rape).
In sum, attrition seems to be dependent upon four principal brain mechanisms:
-plasticity, which is a function of the age of onset of bilingualism and/or attrition -activation, which is a function of frequency of language use -inhibition, which is a function of type of language use -subcortical involvement, which is a function of emotional implication These seem also to be reflected in the cognitive processes implied in language attrition.
Cognitive processes
Memory
Memory can be related to attrition in a number of ways. The first notion which has to be considered is long term memory (LTM) where linguistic knowledge is stored over time just as many other kinds of knowledge (e.g. arithmetic, historical facts, playing chess, driving a bicycle). If the information stored in LTM is not activated regularly, it might be forgotten. But forgetting may be caused by multiple mechanisms which can contribute in different ways to an explanation of the forgetting of a language. This aspect will be discussed in the first section 2.1.1. Second, as the kind of information stored in LTM is of diverse nature, cognitive psychology has further divided LTM into structurally and functionally distinct subcomponents according to the kind of material which will be stored, the way this is done and how the information will be accessed. Among these, the distinction between procedural and declarative memory (Paradis 1994; Ullman 2001 ) is of particular interest for attrition research (see below section 2.1.2). Third, the role of memory in language processing in general and in attrition in particular is not restricted to the long term retention of linguistic information in LTM. Memory processes are also involved in online processing of information and control of two language systems (see 1.2. and 1.3.). Such functions rely on working memory (WM) -usually defined as "… a limited capacity system responsible for the temporary storage and processing of information while cognitive tasks are performed" (Collette, van der Linden & Poncelet 2000: 46) . In Baddeley's original conception (1986) , WM is composed of two peripherally-based storage systems (the phonological loop and the visuospatial sketchpad) and a central administrator -called central executive in more recent developments of the model (Baddeley 2000 (Baddeley , 2003 -whose role is, roughly speaking, to coordinate the whole thing and to allocate attentional resources. The third section (2.1.3) is an attempt to elaborate on a possible role of WM, and more specifically the central executive functions, in attrition.
Forgetting
MacLeod (1976) used the savings paradigm focussing on the kind of residual information (phonological form vs. semantic information vs. information on the language the word was in) in the memory traces of L1 and L2 words which could not be recalled five weeks after memorisation 8 8 (see also de Bot & Stoessel 2000 for L2 attrition). The results seem to suggest that, over time, meaning is retained more easily than form and language information. However, this and other similar studies (see Ammerlaan 1996 for a detailed review) are not really instructive for L1 attrition research because they do not so much investigate the forgetting of a language, but, rather, the retention of linguistic material (see 2.1.2 below). From another perspective, closer to attrition, Bahrick (1984) investigated the retention of school Spanish in Anglophones who had stopped learning Spanish between 1 and 50 years earlier. The results indicate that forgetting slows down as time passes. Moreover, for participants who had higher L2 proficiency at the end of their Spanish curriculum, there was an initial period where L2 knowledge remained stable before slowly starting to vanish. Written comprehension was less affected by forgetting than all other skills. However, this study also focused on the retention of formally-acquired L2 knowledge. The only studies concerning an L1 are based on hypnosis data (As 1963; Fromm 1970 , see also Footnick, this volume). The fact that As and Fromm show that their patients are able to recover an otherwise completely forgotten L1 under hypnosis suggests that, in some cases, even total L1 attrition remains a question of retrieval failure, i.e. attrition at the performance level. What all these studies show is that language attrition might be tackled as a memory problem.
In his detailed discussion of different forgetting theories within the context of L1 attrition, Ecke (2004) distinguishes different processes: decay, interference, regression and suppression, distortion, retrieval slowdown and failure, cue dependency, and interaction and dynamic systems. Of course, many of these processes are likely to be interrelated (decay can cause retrieval slowdown or failure, etc.). The predictions arising from these theories are discussed in detail, suggesting that the L1 attrition literature provides plausible examples for all of these processes. So, the most important point of this discussion is that, similar to forgetting, there is not just one possible process of attrition, but rather a variety of processes which are likely to be influenced by a multitude of factors allowing for many different predictions.
Declarative and procedural memory
Despite the extensive discussion of the distinction between declarative and procedural LTM and its relevance for bilingualism by Paradis (e.g. 1994 Paradis (e.g. , 2004 and Ullman (2001) , this distinction has not received the attention it deserves in all domains of research on bilingualism. The only study which applies this concept does so in the context of polyglot aphasia (Ijalba, Obler & Chengappa 2004: 80) . Following Ullman's definitions (2001: 106) , declarative memory is involved in the learning and use of knowledge about facts and events and seems to be particularly suited for arbitrarily related information via associative or contextual binding. Procedural memory is involved in the learning 9 9 and control of cognitive and motor skills and habits, which are typically based on sequences. Both memory systems rely on distinct neurofunctional and neuroanatomical structures (Paradis 1994; Ullman 2001) . With respect to bilingualism, the declarative/procedural model predicts a difference in the memory structures involved in the processing of grammatical structures in earlier vs. laterlearned languages. Whereas the lexicon is stored in the associative structures of declarative memory for all languages, the implication of procedural memory in the processing of grammar would depend on age of acquisition (since declarative memory plays an increasing role in later language learning) and proficiency (since a language that has been less automatized by the speaker is more likely to be processed declaratively). Roughly, the lexicon of an L1 and a later-learned L2 are likely to be located in the same memory structures (declarative memory) whereas the grammars of an earlier-learned L1 and a later-learned L2 are likely to depend on different memory systems (procedural memory for L1, declarative memory for L2). There would, however, be no differences between the two languages of early bilinguals, as corroborated by data from brain imaging studies with bilinguals (e.g. the reviews in Köpke 1999 Köpke , 2004a Ullman 2001) , from polyglot aphasia (Ijalba et al. 2004) , and specific language impairment (Ullman 2001: 109) , among others.
If we take into account the assumption that interference or competition arises only between structures that are similar in nature, this would allow the following predictions with respect to L1 attrition: (a) vocabulary, which is declarative for both languages, is a good candidate for interference in both early and late bilinguals; (b) as far as grammar is concerned, in contrast, interference is expected to be more pronounced in early bilinguals. For late bilinguals, the largely declarative L2 grammar is less likely to interfere with the procedural L1 grammar.
These predictions are not incompatible with L1 attrition data so far: studies with late bilinguals suggest that the lexicon is affected more strongly by L1 attrition than the grammar (e.g. Köpke 2002 ). Furthermore, it is striking that studies about early bilinguals (mostly case studies) frequently focus on morphology or syntax (e.g. Håkansson 1995; Kaufman & Aronoff 1991; Levine 1996; Schmitt 2004; Seliger 1991; Turian & Altenberg 1991; Vago 1991 
Working memory
The role of working memory in language processing is still controversial. Apart from a possible role as an emergency resource in case of cognitive overload (McCarthy & Warrington 1994: 345) , it is generally assumed that higher working memory capacity is related to higher comprehension skills, both in listening and reading comprehension (Daneman & Carpenter 1980; Just & Carpenter 10 10 1992; McCarthy & Warrington 1994) , but its role in language production has received much less attention, at least as far as unilingual language production is concerned. The most likely assumption is that WM -and specifically the central executive of WM (Baddeley 1986 (Baddeley , 2000 (Baddeley , 2003 -plays a role in tasks involving high levels of cognitive control. Among the mechanisms associated with the central executive is inhibition (van der Linden & Colette 2002) which has already been discussed in 1.3.
In bilinguals the need for a control mechanism in online speech production is much more obvious than in unilinguals (e.g. for the L2 learner: Bialystok & Sharwood Smith 1985) since the use of the two languages needs to be controlled according to language mode (Grosjean 1992) . Recall that inhibition (see above 1.3) has been claimed to be the mechanism exercising control over the two competing language systems in bilingual language processing (Green 1986 (Green , 1998a (Green , 1998b . This might point to the central executive of WM having a possible role in the control functions involved in bilingual speech, especially in situations where higher control demands arise, e.g. when one language is much more accessible than the other. In a similar vein, it has recently been proposed that interference would not so much be a side-effect of learning, but arise from mental and behavioural control (Anderson 2003: 416) . In this view, forgetting would result from "…inhibitory control mechanisms recruited to override prepotent responses." (Anderson 2003: 415) .
It is possible that this also has implications for predictions concerning L1 attrition. Strong cognitive demands arising from reduced access to the less-used L1 and from its competition with the more accessible L2 would put strong demands on executive control mechanisms, resulting in processing difficulties similar to those found in L2 learners: an inability to activate automatic procedures (Norman & Shallice 1986) , thereby triggering controlled strategic behaviour which is much slower and characterized by dysfluencies. Attrition would thus, to a large extent, be a processing issue, as has been suggested repeatedly in discussions of the competence/performance issue (e.g. Sharwood Smith this volume). Although this is among the oldest (and probably most complex) theoretical issues in attrition research (e.g. reviews in Köpke & Schmid 2004; Sharwood Smith 1983) experimental studies investigating attrition from that angle are still scarce (among the exceptions see Dussias 2004).
Language aptitude
A further cognitive skill which may be relevant to language attrition but has not so far been investigated in this context is language aptitude. Within research on L2 acquisition, this concept has been defined as the potential or talent a person has for learning foreign languages (e.g. Carroll 1973; Krashen 1981) . It has been found to vary considerably between individuals, while remaining The predictions ensuing from this for attrition are that greater language aptitude, which is generally assumed to lead to higher L2 proficiency, could prevent attrition -at least to some degree. Note that such a prediction is in contradiction with proficiency-based accounts (Opitz 2005) e.g. within the multicompetence model (Cook 1992 ): these accounts predict more L1 attrition in more proficient L2 speakers, whereas an aptitude-based account predicts less L1 attrition in these cases.
This issue should remain one of the challenges in L1 attrition research for the next years.
Literacy
From a more psycholinguistic perspective, it has been proposed that literacy might contribute to the cognitive organisation of language and contribute to age effects observed in L1 attrition together with other factors, such as brain plasticity and type of memory involved in language learning (Köpke 2004) . Literacy can be seen as a factor which might prevent attrition in several ways. On the sociolinguistic level, literacy (a) allows the speaker to maintain contact with the L1 by reading, which might be an important source of confirming evidence for the L1 (see Sharwood Smith & van Buren 1991; see below 3.3 for a more detailed discussion of this aspect); and (b) the wish to have access to written input may enhance motivation for maintaining the L1. But more importantly, from the neurofunctional and psycholinguistic perspective, (c) it is likely that literacy contributes to the grounding of a language in memory as it adds orthographic representations and new synaptic connections. However, these effects are closely related to age, and distinguishing the factors 12 literacy and age in an experimental setting raises methodological problems that might be difficult to overcome. It can nevertheless be claimed that less attrition is to be expected in subjects who have had the opportunity to become literate in the L1, especially if they frequently use that skill, a suggestion made before by Olshtain (1986) in order to explain her findings in L2 attrition. While the methodological difficulties associated with the actual testing of this factor may be insolvable, this aspect should nevertheless be kept in mind.
Task dependency
Last but not least, attrition of oral production skills is largely a question of online processing (see above) and as such is directly dependent upon task demands. Different language tasks with different cognitive demands do not yield the same results, even if exactly the same linguistic structures are tested. It has been shown, for example, that lexical access in a picture/word matching task is easier than lexical retrieval in a naming task (Ammerlaan 1996; Hulsen 2000) , two tasks with very different requirements regarding the level of activation needed for their accomplishment.
Similarly, Major (1992) found that L1 VOT was closer to native standards in a more formal readaloud task than in informal spontaneous speech. Köpke (1999) showed that interference was stronger in a grammaticality judgement task than in an oral sentence generation task testing the same grammatical structures 2 .
The issue of task dependency certainly is a methodological question, but it also raises important theoretical issues. Paradis (2004: 11) relates differential behaviour observed between online and offline language tasks to the type of memory structures involved (procedural vs. declarative) in the resolution of a task. So, in some cases, task dependent differences in linguistic behaviour are due to the fact that some tasks allow for the use of metalinguistic knowledge, whereas others do not. But variation in linguistic behaviour may be accounted for in different ways, depending on the theoretical framework of the analysis: the psycholinguistic account relates variation to different task demands (e.g. leading to different activation levels required as in Ammerlaan 1996) or to different task goals as perceived by the subject (e.g. focus on form in a formal read-aloud task as in Major 1992). The linguistic account would be to take variation as indicative of some sort of optionality developing in the linguistic system of the attriter (e.g. Tsimpli this volume). It is perhaps worth considering the possibility that these different accounts may not merely be the outcomes of different theoretical frames, but that they may reflect the complementarity of several factors within a more global approach of attrition. Such considerations bring us back to the competence and performance 2 The question of what exactly is actually measured by grammaticality judgements has furthermore been extensively debated (Altenberg & Vago 2004 ) in the context of attrition.
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13 distinction (Chomsky 1965; Fodor & Garrett 1966; Sharwood Smith & van Buren 1991) discussed below. Since precise predictions arising from the issue of task dependency need to be discussed with respect to each specific task, further discussion of this issue is beyond the scope of this chapter.
In sum, it appears reasonable to assume that attrition is cumulatively predicted by a) internal cognitive factors arising, for example, from characteristics of the memory structures underlying linguistic competence, b) structural organisation of the linguistic system (in relation namely with literacy) and c) linguistic aptitude of the subject together with more task dependent factors. Many of these cognitive aspects are closely linked to brain mechanisms and depend on constraints due to the characteristics of the human brain and mind.
But the claim in what follows will be that the human mind does not develop in complete isolation, but rather in permanent interaction with the subject's social environment.
External factors
Linguistic development over the lifespan follows internal constraints related to the characteristics of the human brain and mind, but these constraints merely represent opportunities which may or may not be realised as a response to environmental conditions. However, since neuro-or psycholinguistic factors and social conditions are closely linked, this is the point where the snake starts biting its tail: the discussion of most of these aspects and the predictions they allow has been initiated above. The discussions that follow will thus be restricted to the aspects that have not been developed yet.
Language use
The issue of language use has already been considered extensively in relation with activation and inhibition (see 1.2. and 1.3.). Language use has often been assumed to be an important predicting factor for language attrition and is often implicitly invoked by empirical work (see Köpke 2004 and Schmid 2004 for detailed reviews), even though it is difficult to measure. It has previously been proposed to be the key variable at the interface of the psycholinguistic and sociolinguistic aspects of attrition (de Bot 2001) . However, the focus has been on quantitative aspects of language use, e.g. amount of contact or frequency of L1 use (but see Schmid this 14 14 volume). Intuitively, it makes sense that individuals who make little use of a language suffer more from attrition than speakers who use the language more frequently, and frequency of L1 use is also a crucial aspect in theoretical models in the context of the Activation Threshold Hypothesis. The discussion of the inhibition mechanism, however, clearly shows that frequency of use is not the only aspect of use that matters. As stressed also by Schmid (this volume) quality of use, or type of contact, is equally important, and this aspect has received hardly any attention.
First of all, a distinction needs to be applied to the use of productive skills and receptive skills. In other words, is active language use (i.e. in production) necessary in order to prevent the L1 from deteriorating, or is regular input sufficient to maintain a language once completely mastered? This question is reminiscent of the discussion around input and output in SLA research (e.g. Swain 2000) and was first invoked in that context by Sharwood Smith and van Buren, who propose that "…the native speaker not only needs evidence for developing an L1 system but also needs evidence to maintain his or her L1. " (1991: 23) . In this view, input would be crucial for the maintenance of a language. This implies also that input might be sufficient, for example in the case of a speaker who has no opportunity to interact with other L1 speakers but may nevertheless maintain the L1 by written exchanges, or simply by input received from books, films or the internet. Secondly, this raises the question of the quality of that input, which may to some degree be dependent on the sociolinguistic environment of the immigrant (see below). Predictions arising from qualitative aspects of contact are discussed in detail by Schmid (this volume).
The cultural context of the immigrant
The relationship between cognition and culture is illustrated in Sperber and Hischfeld's (to appear) theory, where it is claimed that culture arises from Social Cognitive Causal Chains (SCCC) 3 establishing semantic relationships between people. These SCCCs allow for stabilizing representations and practice within a given community. This view implies that these representations concern -among many other things -language status (see 3.3 below), but also linguistic and pragmatic norms. In other words, SCCCs would include linguistic and pragmatic input as discussed by Sharwood Smith and van Buren (1991) . Adopting Sperber and Hischfeld's view, it can be claimed that immigrants are cut off from the SCCCs of the L1 community and no longer have any support in stabilizing their L1 representations and practice. This resembles Sharwood Smith's and van Buren's suggestion that (1991: 23): "…the L1 changes not because of lack of use but because of lack of confirming evidence that L1 is the way it is in the L1 community"
(my emphasis). The input, or lack thereof, of the L1 community would hence be the critical factor in L1 attrition, and this is likely to be particularly true with respect to the attrition of pragmatic norms (an area of language attrition which is very much under-researched).
This raises the question of the L1 community which, in an immigrant setting, can take various forms: a) either the immigrant has no contact with other immigrants in the host country and any confirming evidence comes from the home country, b) or she is a member of an immigrant community which will be the source of at least part of the confirming evidence and new SCCCs. It has been proposed recently (Köpke 2004b ) that these two sorts of cultural contexts may have different consequences for attrition:
a. In the case of completely isolated immigrants, L1 use is reduced to a necessarily limited amount of contact with L1 speakers in the home country and, possibly, books, TV, and
Internet. The SCCCs related to L1 will become weaker and weaker, but they remain those of the L1 community in the home country. The linguistic norms on which the L1 competence is based will not change, but L1 will be more and more difficult to access since its activation level will decrease as L1 becomes dormant (Green 1986) ; hence this case of attrition will mainly be a question of control over intact knowledge, i.e. performance attrition.
b. If the immigrant is part of an immigrant community in the host country, she will be exposed to different kinds of input: possibly to input from the L1 community in the home country as in case a), but also to input from the immigrant community, including attrited speech and different learner varieties from 2nd and 3rd generation speakers. The amount of contact will probably be greater than in case a) due to regular L1 input in the migrant setting via clubs, churches, contact with other migrants, community newspapers, etc., but the input will comprise much more structural variation. Moreover, the contact with other migrants who live in close contact with another language is likely to lead to new SCCCs (better adapted to the L2 culture) and to the development of a contact variety, as has been observed by Grosjean & Py (1991) for Spanish immigrants in Neuchâtel, or by Montrul (2004) or SilvaCorvalan (1991) for Spanish speaking immigrants in the USA. In such a case, attrition will involve a restructuring of L1 competence due to the development of new L1 norms in the contact situation. This could furthermore be enhanced by the possibility to communicate in a bilingual mode (Grosjean 1992 ) characterised by massive code switching which may also have consequences on inhibitory control in a largely bilingual context (see 1.3. above).
The issue of language use and contact certainly needs to be investigated further in the context of attrition (see Schmid, this volume) . Nevertheless, the predictions arising from these thoughts on the Other aspects of motivation may be directly linked to age: for example, adults differ from children in that L1 is an important part of their identity that cannot easily be abandoned. On the other hand, a very young child does not have the same motivation with respect to language as a child of school age who is much more oriented to the peer group than to the family. School children should therefore be most prone to attrition since they are the age group most motivated to integrate into the L2 environment. However, age and previously-acquired literacy skills in L1 might counteract such a tendency.
Still another type of attitude and motivation may depend on the migrant's view of the immigrant situation, and will be directly linked to the cultural context as discussed in 3.2. It includes the immigrants' attitudes with respect to language competence and bilingualism, their origins, and their integration into the L2 community: Is a need felt to be a 'perfect' speaker of each language? Does the speaker accept codeswitching as a bilingual communication mode or is she opposed to language mixing? Is L1 attrition seen as a logical consequence of integration into the L2 community or is it 
General discussion
What emerges clearly from the discussion of these various predictions is that attrition is dependent on a large variety of factors. Further complications arise from the fact that many of the factors involved weaken or even cancel each other out. Nevertheless, two strong tendencies emerge:
1. Internal and external factors may have an impact on either amount of attrition, type of attrition, or both: it is proposed here that it is crucial to distinguish factors with quantitative effects, which will play a role in the extent of attrition, and others which will be involved in the qualitative distinction of different attrition phenomena.
2. Moreover, among the most important factors influencing attrition, it is possible to isolate some which seem to be more central than others because they appear to be composite factors related to many others. For example, age and cultural context are complex variables related to many of the other factors. It is further suggested that none of these cluster factors alone may account for L1 attrition.
Quantitative vs. qualitative influence on attrition
The first observation is that some factors influence amount of attrition whereas others may have an impact on type of attrition. Obviously, many cases do not allow for clear-cut distinctions-age, for example, may be found in both categories since it is one of the most important cluster factors. The distinction between quantitative and qualitative impact is nevertheless useful because of its theoretical implications.
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Among the factors that will have an impact on amount of attrition (i.e. How strongly is the subject's L1 affected?) are:
• age in relation to plasticity and literacy (e.g. children generally have more difficulties and undergo attrition more quickly);
• frequency of language use in relation to its consequences for activation thresholds (e.g.
people who make less use of L1 are supposed to be more vulnerable to attrition);
• emotional impact in relation to motivation may strengthen attrition effects Still, the same factors and some others may also account for qualitative distinctions between different attrition types:
• age in relation to type of memory involved (declarative vs. procedural) will have an impact on the parts of the linguistic system that may be involved: in older subjects, attrition will mostly affect those structures which are subserved by declarative memory, in younger subjects attrition will also extend to implicit linguistic competence (i.e. grammar and phonology) subserved by procedural memory;
• type of language use and its consequences on inhibition patterns will favour attrition patterns in this respect: no or little L1 use in purely monolingual settings will lead to processing difficulties, i.e. performance attrition; L1 use in bilingual settings may bring about less performance attrition but there may be competence attrition involving a restructuring of linguistic competence, otherwise observed only in children;
• the cultural context may furthermore strengthen this distinction between competence and performance attrition in relation to the characteristics of the immigrant community (if there is one) and the prevailing attitudes with respect to bilingualism, code switching, attrition, the respective language communities etc.
Attrition research so far has focussed on the quantitative effects of extralinguistic factors. It appears crucial to realize that different attrition types may arise, depending on whether the immigrant is a child or an adult at the onset of bilingualism and/or attrition, and whether she is part of an immigrant community or not. Arguably the term 'attrition' in the sense of an individual phenomenon related to psycholinguistic processes such as language acquisition, learning or pathology is justified only with respect to attrition arising in isolated immigrants (children or adults)
-everything happening within the context of a community is likely to be the development of a contact variety which is a sociolinguistic phenomenon related to language change and should be distinguished from individual attrition.
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Cluster factors
The second observation is that some factors seem to constitute clusters composed of several factors.
Age is one of the best examples of a cluster factor encompassing others. It has been shown that age has consequences on (a) brain plasticity, (b) on the type of memory structures involved in language learning and language processing (declarative or procedural), (c) on the cognitive grounding of language through its close correlation with literacy and education (involving higher metalinguistic knowledge which is of course also linked to b), (d) on motivation, since the relations and expectations between the subject and her environment are also partly related to age, and (e) language use, which also varies as a function of age. The same is likely to apply to a number of other factors related to attrition. This is perhaps the reason why maturational constraints have been
shown to play such an important role in attrition (e.g. reviews in Francis 2005; Kaufman 2000).
The linguistic and cultural environment can also be considered a cluster factor. Attrition is a response to a change in the linguistic environment of the emigrant. It is the linguistic environment that will provide the opportunities to use a language -whatever the person chooses to do with that opportunity. So the linguistic environment provides a certain amount of contact with the L1, but it also delivers a certain type of input in the language. We have seen that both will have consequences for activation and inhibition mechanisms. Furthermore, the linguistic environment will also transmit language attitudes and cultural values that will influence the attitudes, motivation and general emotional value systems of the immigrant.
If there is less evidence for these latter factors in the attrition literature than for maturational aspects, the main reason is that the linguistic and cultural environment, and, a fortiori, emotional aspects are more difficult to compare across studies or in literature reviews than the distinction between children and adults. At this level, measures developed for other fields  e.g.
Ethnolinguistic Vitality Theory measures developed for ethnic group comparisons (Giles, Bourhis & Taylor 1977) , Social Network Theory (Milroy 1987) , or motivational and attitudinal measures largely developed for language learning in classroom settings (Gardner & Lambert 1972 )  are usually not suited for the attrition situation and the development of specifically adapted instruments is needed (for a more detailed discussion see Köpke & Schmid 2004; Schmid this volume) . Despite this gap, it has been shown that emotional factors may outweigh even such well-established variables as age in attrition (e.g. Schmid 2002 ).
It can therefore be concluded that, even if some factors form clusters that are closely linked to a great number of others, there is no one individual factor, or cluster, that might be considered . Rather, it appears that attrition should be considered within a multi-componential view, outlined in figure 1. Each factor, cluster, or type of factor (e.g. biological, cognitive, or external as proposed here by way of example), contributes with its specific weight arising from the individual situation. The sum of the weight of each will determine whether or not there will be attrition and if so to what degree. Note that, following such a conception, levels of proficiency that are similar on the surface level may rely on completely different underlying neuropsychosociological configurations. In some cases (as in Language Proficiency B), biological factors (such as plasticity) may be unfavourable to the maintenance of L1 (in the sense of great plasticity in a young child predicting high attrition), but external factors will be highly favourable to L1 maintenance (e.g. very positive attitudes and stimulating L1 use); in other cases (as in Proficiency Level A) it may turn out the other way round with a similar result. Only when several components are unfavourable will there be a perceptible change in overall language proficiency. This might explain why attrition in adults is generally so hard to measure: in many cases, the overall proficiency may remain within a native-like range (see Hyltenstam & Abrahamsson 2003 for a discussion of native-like proficiency;
and the suggestions made by de Bot this volume).
-insert figure 1 about here -
Conclusion
The preceding discussion on different kinds of internal and external factors related to L1 attrition allows some tentative conclusions and indications for the future direction of research:
• Attrition in individual settings is a phenomenon different from the development of a contact variety likely to arise in any setting where an immigrant is exposed to a large variety of L1 input influenced by the contact language (L2). The restructuring of linguistic competence observable in such cases entails a modification of the linguistic norms (cf. Py 1986), but bears little resemblance to a psycholinguistic process. It is furthermore suggested that L1 attrition may be of two types: either affecting online processing and performance (as observed in most studies with adults), or entailing a restructuring of the content of the subject's grammar (as demonstrated in some studies, mostly involving children).
• Some factors involved in L1 attrition are stronger than others due to their multiple links with others, forming "cluster factors", but whatever their strength, there is no one individual 21 21 factor or cluster able to account for the attrition phenomenon on its own. Attrition needs to be considered within a multi-component view, relying unavoidably on the complementary contribution of several disciplines of the humanities.
In other words, what follows clearly from these considerations is that attrition cannot be conceived as an 'abnormal condition', characterised by very specific symptoms and ascribable to one principal organic cause. Rather, attrition could be described as a type of variety within the language proficiency of multilinguals 6 , arising from a multiplicity of causes and, more often than not, remaining within the range of perceived native-like proficiency.
